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Summary
The selective oxyfunctionalization of organic substrates plays a very important role in the chemical industry. Despite its industrial relevance the scientific understanding lags behind the current state-of-the-art. Radical-chain autoxidations are a classical example of large-scale technology which is still not completely understood. Nitric acid based oxidations are another example of poorly understood processes of tremendous industrial importance. The production of adipic acid (3 Mt/year) which is an important building block for the nylon-6,6 synthesis is just one example. One of the intrinsic challenges in this field is the prevention of side or consecutive reactions since the products are most often more reactive than the substrates. Especially the selective oxidation of primary alcohols to the corresponding aldehydes is not an easy task because of the overoxidation to the carboxylic acids. Therefore a profound understanding of the reaction kinetics and thermodynamics are an important prerequisite in order to be able to optimize the selectivity to the desired product.
Chapter 1 presents a mini review of the oxyfunctionalisation of organic substrates, focusing on aerobic alcohol oxidations. Both transition metal based and nitric acid based alcohol oxidations are discussed. Additionally the industrial importance of these transformations is highlighted.
Chapter 2 focuses on the reaction mechanism of the partial aerobic oxidation of benzyl alcohol to benzaldehyde mediated by nitric acid. From this study, it can be concluded that HNO 3 is able to start off a chain oxidation of benzyl alcohol, mediated by (H)NO x species; O 2 is however the terminal oxidant. A significant increase in chain length, and hence an improved yield, can be achieved at lower temperature, or upon drying of the gas phase. This chain reaction is catalyzed by the solid acid Amberlyst- Hammett plot with a negative slope is obtained that indicates a transition state with reduced electron density. Kinetic isotope effect studies imply that cleavage of the C α -H bond is involved in the decisive transition state, and electron withdrawing groups are found to reduce the reactivity of the nitrite significantly. This effect is also reflected in the overall oxidation reaction of the corresponding alcohol, thereby supporting the reaction mechanism.
In chapter 4 a continuous process for the aerobic oxidations of alcohols mediated by HNO 3 was developed. A significant increase in the reaction rate and two orders of magnitude in the space-time-yield could be observed for the aerobic oxidation of benzyl alcohol to benzaldehyde, compared to other reactors. Additionally, the activity of the catalyst was maintained over two weeks making the process attractive compared to transition metal catalyzed systems that very often suffer from deactivation and/or low activities. The increased reaction rate can not only be attributed to a higher catalyst-to-substrate ratio in the flow reactor, but also to a longer HNO chain length, which minimizes both the initial amount of HNO 3 required for efficient oxidation, and the production of N 2 O. Furthermore, this increased (H)NO x selectivity is also accompanied by an increased carbonyl selectivity, due to the decrease in over-oxidation products and the termination of the oxygen shuttle species. The continuous reaction system could successfully be extended to oxidize several aliphatic and non-aliphatic primary and secondary alcohols always showing a high reaction rate and selectivity.
In chapter 5 The continuous aerobic oxidation of different alcohols using a heterogeneous immobilized TEMPO catalyst was examined. High reaction rates, conversions and selectivities could be obtained. 
